The Bcl-2 family of proteins plays a significant role in regulating the cell cycle. It plays a crucial role in regulating homeostasis by helping to maintain proper cell number and eliminating potentially malignant cells. The cell achieves the delicate balance through apoptosis or programmed cell death. The Bcl proteins are involved in the intrinsic apoptotic pathway, which is especially important in the development of the immune system. Apoptosis is involved in proper positive and negative selection during the development of B-and T-cells. The detection of any gene of the Bcl-2 family often results in the abnormal development of lymphocytes. The balance of pro-apoptotic proteins versus anti-apoptotic proteins, which operate at the organelle level, determines if the lymphocyte proliferates normally or abnormally. A critical tumor suppressor is the ability of cells to self-disrupt and undergoes cell death through apoptosis. Cooperation between cells is essential; without the ability to respond to external stimuli, cells lose the ability to respond correctly to developmental cues. Cells that evade apoptosis have a greater potential to become malignant because they are unregulated and do not respond correctly to external signals. The overexpression of the pro-survival (anti-apoptotic) proteins of the Bcl-2 family induces the cell to not respond to an external signal, prolonging cell survival and increasing the chance of becoming malignant.
Introduction
An essential component of regulating organismal homeostasis is maintaining the proper number of cells and eliminating damaged or malignant cells. Apoptosis, or programmed cell death, is the mechanism responsible for this balance. The term "apoptosis" was first coined by Kerr et al. [57] to differentiate a type of cell death from necrosis. Apoptosis is linked to cell shrinkage and DNA fragmentation, where the membrane blebs and yields to small vesicles, which are then engulfed and digested by neighboring cells. [1] Apoptosis is crucial for proper positive and negative selection during the B and T cell development. [1] The intrinsic apoptosis pathway (via mitochondria) is activated in response to internal cellular stress and is primarily regulated by the Bcl-2 family of proteins.
The 25 currently identified members of the Bcl-2 family of proteins are localized to the mitochondria, smooth endoplasmic reticulum, and perinuclear membranes in hematopoietic cells. [9] The outer mitochondrial membrane permeabilization is considered the "point of no return" from apoptotic cell death, triggering the release of proteins that mediate cell death, such as cytochrome c, into the Ivyspring International Publisher cytoplasm of the cell. [7] The permeabilization of the outer membrane is mediated by certain Bcl-2 family members that regulate apoptosis among a collection of pro-and anti-apoptotic proteins [8] .
The Bcl-2 gene was first discovered as a part of a chromosomal translocation in B-cell lymphoma. [2] Bcl-2 was implicated in cancer through its involvement in the t14; 18 chromosome translocation. [50] It is known as the first oncogene to inhibit cell death opposed to promoting cell proliferation. [3] The Bcl-2 family of proteins plays a central role in the regulation of cell death and is involved in regulating cell death mechanisms including apoptosis, necrosis, and autophagy. [4] The anti-apoptotic members of this family, such as the Bcl-SL and the Bcl-W, prevent apoptosis by either preventing the release of mitochondrial apoptogenic factors or sequestering proforms of death-driving cysteine proteases called caspases [6] .
Changes to the Bcl-2 gene structure or copy number are estimated to occur in as many as over half of human cancers. [4] The Bcl-2 protein family shares one to four highly conserved regions in structure and sequence called the Bcl-2 homology (BH) domains. Based on the domains, they are divided into three functional subgroups, the multidomain anti-apoptotic (Bcl-2, Bcl-XL, Bcl-W, Mcl-1, BFL-1), the multidomain pro-apoptotic (BAK, BAX, BOK), and the BH3-only proteins (BIM, BID, BAD, NOXA, PUMA, BMF, BIK, HRK). [1] The BH3-only proteins are named so because they only share the third BH domain with the other Bcl-2 family proteins, acting as cellular sentinels that in the time of stress can bind discrete multidomain Bcl-2 proteins and initiate apoptosis. [5] The anti-apoptotic subfamily suppresses apoptosis and contains all four of the Bcl-2 homology domains, while some of the pro-apoptotic proteins contain Bcl-2 homology domains 1-3, known as the "multidomain proteins." [9] The delicate balance of pro-apoptotic versus anti-apoptotic proteins of the Bcl-2 family of proteins, which operate at the organelle level, determines if the lymphocyte lives or dies.
An essential tumor suppressor is the ability of cells to self-disrupt and undergoes cell death through apoptosis. The cooperation between cells is critical, without the ability to respond to external stimuli, cells lose the ability to respond correctly to developmental cues. Cells that evade apoptosis have a greater potential to become malignant because they are unregulated by neighboring cells and do not respond correctly to external signals, hence why they often do not undergo apoptosis when they are supposed to.
The Function of the Bcl-2 family
The Bcl-2 family, consisting of both proapoptotic and antiapoptotic genes, regulates apoptosis, upholding the balance between cell death and proliferation. Deletion of potentially malignant cells, usually through apoptosis, protects against a variety of diseases, including autoimmunity and cancer. [47] Apoptosis is triggered through the extrinsic pathway, through ligation, or the intrinsic (also called the mitochondrial or Bcl-2 regulated) pathway, which is induced by developmental cues, deprivation of growth factors, or other cytotoxic stimuli. The intrinsic pathway is regulated by the Bcl-2 family. [47] The Bcl-2 family, consisting of both apoptotic and anti-apoptotic genes, is divided into three functional subgroups: the multidomain anti-apoptotic (Bcl-2, Mcl-1, Bcl-W, BFL-1, Bcl-XL), the multidomain pro-apoptotic proteins (BAK, BAX, BOK) and BH3-only (BMF, BID, BIM, HRK, NOXA, PUMA, BAD, BIK). [1, 10] (Figure 1 ) The BAK, BAX, and BOK lead to the formation of mitochondrial pores that increase the permeability of the mitochondrial membrane that releases cytochrome c into the cytosol leading to cell death. [10, 13] The pro-and anti-apoptotic proteins have a similar C-terminal membrane localization point, similar three-dimensional structures, and three or four Bcl-2 homology domains (BH1, BH2, BH3, and BH4). The slight structural differences caused by a few amino acids determine the opposing roles of the proapoptotic and antiapoptotic proteins. The BH3-only proteins are pro-apoptotic proteins that lack all the Bcl-3 homology domains except for BH3. The pro-apoptotic proteins contain BH1 to BH3, while the pro-survival proteins contain all four Bcl-2 homology domains. The BH3-only proteins regulate the other members of the Bcl-2 family proteins to promote apoptosis by binding to their BH3 domain. [10, 11] In response to cellular signals, such as DNA damage or oncogene activation, BH3-only members are activated by transcription of the gene or posttranslational modification of the mRNA [13] .
Apoptosis in the cell can be divided into three stages: initiation, regulation, and execution. In initiation, the cells undergo DNA damage or stress prompting a signal cascade through either an extrinsic or intrinsic pathway. In the second phase, the regulatory phase, these signals combine and decide whether or not the cell will undergo apoptosis. In the execution phase, the caspases are cleaved, and the cell is engulfed by phagocytic cells. [10, 16] The intrinsic (also known as the "stress" or "mitochondrial") [48] pathway is regulated by the Bcl-2 family of pro-apoptotic and anti-apoptotic proteins. (Figure 2 ) Certain members of the BH3 family initiate oligomerization of BAK, leading to mitochondrial outer membrane permeabilization and permitting the release of pro-apoptotic factors, such as cytochrome c, into the cytoplasm. [12, 14] Cytochrome c, along with APAF-2 and caspase-9, forms the apoptosome, a holoenzyme that cleaves and activates caspase-3, leading to widespread proteolysis and cell death. [13, 15] The extrinsic pathway, however, is triggered by the binding of ligands to proteins on the cell surface. [17] These receptors are members of the tumor necrosis factor family (TNF) that contains an intracellular death domain that activates caspase-8 through an adapter protein called Fas-associated death domain (FADD) at the cell surface. [10] Mostly, the interaction between the pro-and anti-apoptotic proteins through their BH3 domains determines the cell fate [10] .
Apoptosis is essential for embryogenesis, tissue homeostasis, and defense against pathogens. The deregulation of the Bcl-2 family can lead to immune diseases and even cancer. [49] Apoptosis is essential in embryogenesis to form the different structures of The intrinsic and extrinsic pathway that lead to cell death. The Bcl-2 family has strategic checkpoints throughout both the intrinsic and extrinsic pathway that could control whether the cell undergoes apoptosis. [11] the human body. In tissue homeostasis, apoptosis is vital because it regulates the number of cells and results in the death of malignant cells. Apoptosis also defends against pathogens by inducing cell death in infected, damaged cells. If the ability to undergo apoptosis is disabled within the cell, the likelihood of the cell to become a malignant cell increases.
Overexpression of any members of the Bcl-2 prosurvival family can protect the mutant cell from a range of external stimuli; however, the underexpression of any of the Bcl-2 prosurvival proteins have direct consequences in normal tissue development and homeostasis. [11] For example, Bcl-2 is critical for the survival of the renal epithelial stem cells in embryogenesis and mature B cell and T cell lymphocytes. Bcl-w has a selective role in spermatogenesis while Bcl-xL is involved in the survival of erythroid progenitors and neuronal cells in embryogenesis. [56] Mcl-1 deficient mice have shown that Mcl-1 is vital for implantation in early development, survival of hematopoietic stem cells and mature B and T lymphocytes. [11] The overexpression of proteins in the Bcl-2 family can result in prolonged cell survival, which could induce the formation of tumors or cancer.
The special position of the BH3-only proteins acts as the fulcrum to determine whether to tip the scales for cell death or cell proliferation. [60] However, the mechanisms that lead to the activation of the BH3-only proteins differ between each member of the BH3 subfamily along with different apoptotic stimuli [60] .
Role of Bcl-2 Proteins in the Immune System
The proliferation of T lymphocytes is highly regulated by the Bcl-2 family. Apoptosis is involved in proper positive and negative selection during the development of B cells, plasma cells, and T lymphocytes. (Table 1) The deletion of any protein of the Bcl-2 family results in the abnormal development of lymphocytes which could result in lymphocytes proliferating prematurely or containing mutations that could cause autoimmune disorders. [1] The premature proliferation is often the result upsetting the delicate balance between the pro-apoptotic and anti-apoptotic proteins, which may result in autoimmune disorders or immunosuppressives. BH3-only members of the Bcl-2 family, which includes BIM, BMF, BIK, BAD, BID, PUMA, NOXA, and HRK, are especially essential to the immune system. [41] They have essential roles in development, homeostasis, immunity, and tumor suppression [37] . The different reliance of the various immune cells on unique Bcl-2 proteins allow for target drugs for specific immune sets to be created. [1] Anti-apoptotic
Mcl-1, localized to intracellular membranes, especially the mitochondrial membrane, [1] is widely expressed in human and murine tissues and has a noticeable presence in many human tumors. [23] Though not as potent as Bcl-2, Mcl-1 has been shown to enhance cell survival and delay cell death. [24] The Mcl-1 protein also plays an essential role in human immune maintenance. The disruption of the Mcl-2 proteins resulted in embryonic lethality, indicating that the Mcl-1 gene is essential for preimplantation development and implantation. [22] These models quickly develop incredibly reduced numbers of hematopoietic stem cells. [1] , suggesting that the Mcl-1 protein has a function beyond regulating apoptosis. [22] Mcl-1 is essential for the survival of plasma cells and germinal center formation. [28] Inducible deletion of the Mcl-1 in mice results in the ablation of the bone marrow, leading to the loss of early bone marrow progenitor populations. [25] Mcl-1 deletions in T cells leads to a reduction in the number of T lymphocytes, due to a blockage at the DN2/3 stage of development in the thymus. [26, 27] Mcl-1 is critical for the survival of regulatory T (Treg) cells, a crucial immunosuppressive. [27] Without Mcl-1, the mice experienced weight loss and death within 4-8 weeks [27] .
The overexpression of the anti-apoptotic protein, Bcl-2, with dysregulated c-my encourages the proliferation of immature B cell and tumorigenesis. [1] The expression of Bcl-2 alone, however, sustains the cell's survival without increasing the cell proliferation. [20] Ultimately, the expression of Bcl-2 leads to increased numbers of plasma cells, pre-B cells, and T cells that demonstrate increased longevity in cultures. [1] However, the deletion of the Bcl-2 gene leads to a decrease in the number of double-positive (DP) thymocytes and peripheral T and B cells.The thymocytes with a Bcl-2 deletion often are more susceptible to apoptotic stimuli [21] .
Loss of the Bcl-XL protein has a minimal effect the overall survival of T cells. However, specific deletion of the Bcl-XL gene in B cells expressing activation-induced cytidine deaminase leads to a significant decrease of antigen-specific plasma cells in the bone marrow in the days directly following immunization, but after 21 days, the number normalizes. [29] This suggests that Bcl-XL assists the survival of newly generated plasma cells. Mice lacking Bcl-XL have reduced DP thymocytes, but they have a normal number of peripheral lymphocytes, implying that Bcl-XL is not alone in lymphocyte homeostasis [30] .
Pro-apoptotic
Though the pro-apoptotic proteins BAK and BAX play redundant roles in the initiation of MOMP, the deletion of either or both of them leads to apoptotic defects. The deletion of both the BAK and BAX proteins leads to high embryonic lethality with high rates of developmental and neuronal defects in the resulting mice. The BAX/BAK-deficient mice have an increase in both lymphoid and myeloid cells, leading to the enlargement of the primary lymphoid organs and lymphocyte infiltration into peripheral organs. [17] The lymphocytes of the deficient mice are resistant to the activators of the intrinsic apoptotic pathway. These mice with T cell-specific BAX/BAK knockouts have abnormal thymocyte development and an increased buildup of double-negative cells in the thymus. [18] Deficient animals have thymocytes that are resistant to apoptosis, and those deficient animals develop T-cell lymphoma with average ten-month survival time [27] .
BH3-Only Proteins
Deletions in BIM, considered to be the master regulator of immune cell homeostasis, can result in an increased number of lymphoid and myeloid cells and defects in thymocyte development. [1, 31] In reduced levels of BIM, CD4+ T cells become both longer-lived and functionally impaired. [32] BIM is important for negative selection of immature T cells in the thymus and plays an essential role in regulating the survival of the cell. Decreasing BIM expression leads to prolonged survival of the CD4+ T cells that are susceptible to defects and become progressively unable to defend against pathogens. [32] BIM-deficient mice are unable to eliminate reactive thymocytes. [46] Deletion of additional BH3-only proteins facilitates immune dysfunction seen in BIM knockout models. [1] The additional deletion of PUMA, combined with the deletion of BIM, increases resistance to apoptotic stimuli. The combined deletion of BIM, PUMA, and BID leads to apoptotic resistance that has not been characterized in the model mice [33] .
PUMA, p53 upregulated modulator of apoptosis, [13] is tightly regulated by the tumor suppressor p53. [35] Resultant sequences of genomic DNA revealed that the transcription of PUMA, located on chromosome 19, contains four exons, with the initial start codon in exon 2. [35] PUMA has been implicated as a mediator of apoptosis in immune cells. BIM and PUMA target pro-survival proteins and are much more potent killers than other BH3-only proteins. [37] PUMA works with BIM to regulate activated T cell action following an immune response.
[1] During cellular stress, p53 blocks the progression of the cell cycle, allowing time for DNA repair. [40] More than 50% of PUMA deficient mice succumbed by 48 hours and 84% within 71 hours. [40] Deletion of PUMA leads to apoptotic resistance and an impaired regulation of neutrophil contractions after an immune response [39] .
BID, a BH3 only pro-apoptotic member, binds to either Bcl-2 or BAX to promote apoptosis. [38] BID magnifies the death receptor signals received, connects the extrinsic and intrinsic pathways, and triggers the mitochondrial apoptosis pathway. [42] BID deficient mice undergo normal development and display balanced homeostasis at birth, but when tested with pathologic Fas activation, BID-deficient livers proved to be resistant to Fas-mediated apoptosis. [42] Aging BID-deficient mice exhibited an elevated absolute neutrophil count at 18-24 months accompanied by mild hepatosplenomegaly due to the infiltration of myeloid cells. However, in younger populations (less than 12 months old), the hematopoietic cell populations were indistinguishable from age from wild-type controls. [42] A detailed analysis of the bone marrow of the young BID-deficient mice demonstrated increased colony-forming units of macrophages. [42] This appears to have potentially uncovered a defect that is compensated for in vivo in the young mice, but the defect appears to emerge with age. [42] BID also may play a vital role in the survival of Langerhans cells, a subset of dendritic cells, because BID-deficient Langerhans cells are more resistant to CD4+ T-cell-mediated apoptosis [43] .
NOXA, another BH3 member regulated by p53, plays a minor role in regulating the development and maintenance of effector memory T cells during and following an immune response. NOXA deficient mice result in memory cell inflation, but no obvious pathology. However, in continuous high-level T cell activation, the reduced apoptosis of T cells quickly led to severe organ pathology and premature death of the NOXA deficient mice. [44] The results demonstrated NOXA as an essential regulator of the number of memory cells formed during the infection, which could lead to excessive accumulation of primed cells that could result in severe pathology [44] .
Cells lacking BAD exhibit normal B and T cell development and BAD-deficient animals have normal sensitivity to apoptotic stimuli. [46] BAD seems to be most important in B cell ontogeny and maturation; BAD-deficient mice have reduced IgG production after the stimulation of lipopolysaccharide and older mice develop diffuse large B cell lymphoma that progressively worsens after ionizing radiation [46] .
BMF deficient mice maintain normal T cell number and exhibit no abnormalities in thymocyte development, but BMF deficient mice do experience B-cell hyperplasia. Deficiency in B and T cells confers resistance to apoptosis in response to HDAC inhibition or glucocorticoids. [47] BMF deficiency quickens the development of γ irradiation thymic lymphomas, indicating that BMF plays a critical role in apoptosis and functions as a tumor suppressor. [47] Compared to the other BH3 proteins, little is known about BMF. However, BMF does exhibit certain features that are similar to BIM. [47] In response to certain stimuli, BIM, and sometimes BMF, may release from the cytoskeleton, translocate to the mitochondria, and neutralize the Bcl-2 anti-apoptotic molecules to trigger pro-apoptotic activation resulting in caspase-mediated cell killing [47] .
BH3-only proteins bind selectively to the Bcl-2 pro-survival (anti-apoptotic) proteins BAD and BMF bind only to Bcl-2 Bcl-w and Bcl-xL, while NOXA binds only to Mcl-1 and A1. [37] Determining the selectivity will allow the development of BH3 mimetics that would target the anti-apoptotic proteins. [37] Proper control of cell death plays an important role in controlling the formation of memory T cells. [45] The deregulation of apoptosis in the mitochondrial or intracellular pathways severely impacts the abundance of activated memory T cells. [45] Studies of the BH3-only proteins reveal overlapping roles between the members in specific immune cell subsets [1] .
The Bcl-2 family in Tumorigenesis
Somatic cells are all born through mitosis and will mostly die through apoptosis or programmed cell death. [52] This process is interrupted in cancer. Mutations that impair apoptosis can prompt cancer development and reduce the results of effective therapies. [54] Cancer may be induced when this delicate balance is disrupted by an increase in cell proliferation or a decrease in cell death. [52] Impaired apoptosis is central in cancer development and is a crucial barrier to effective treatment. [49] Bcl-2 family proteins play a central role in cell death regulation. Mutant Bcl-2 inhibits apoptosis that is usually triggered by many different internal and external stimuli. The imbalance of Bcl-2 proteins can induce cancer, the overgrowth of malignant cells [56] .
Follicular lymphoma is a common human B-cell neoplasm. [56] Bcl-2 was the first member of the Bcl-2 family to be implicated in cancer through its involvement in the t14; 18 chromosome translocation. [50] Mice that mimicked the translocation confirmed that the deregulation of Bcl-2 expression is oncogenic, but the tumor incidence was low. [51] When Bcl-2 is expressed in cells in culture, it protects the cells from apoptosis after treatments from a diverse range of drugs and toxins, giving them antibody resistance. This infers that Bcl-2 not only has a hand in the development of malignant cells but also gives them resistance to therapy. Despite this, apoptosis resistance itself does not give rise to cancerous cells but combining the inhibition of apoptosis, like by Bcl-2, with a conventional growth stimulatory oncogene, like c-myc, malignant tissues can proliferate rapidly. [52] Mice that mimicked the translocation confirmed that the deregulation of Bcl-2 expression is oncogenic, but the tumor incidence was low. [51] Experiments in vitro demonstrated that starving Bcl-2 expressed cells inhibits cell death but does not promote cell proliferation. [3] However, Bcl-2 transgenic mice confirm that the inhibition of apoptosis induces cancer, as these mice became afflicted with cancer as they aged. [53] The long latency period reveals that additional oncogenic mutations are necessary to prompt the transition from low-grade polyclonal hyperplasia to monoclonal high-grade malignancy. [56] The Bcl-2 protein family regulates cell death and cell proliferation. Cell death and proliferation are dysregulated during oncogenic transformation. Therefore, we can conclude that the upregulation of Bcl-2 expression is in many cancers [55] .
The development of tumors requires a combination of defects that prompts nascent neoplastic cells to become self-reliant for cell proliferation and resistant to signals that restrain cell growth. [56.] Research has demonstrated that cell death in normal adult tissues must continuously occur to balance cell proliferation to maintain homeostasis in healthy cells. [57] Defects in apoptosis, caused by the survival of unwanted cells or the inappropriate killing of vital cells, are considered the hallmarks of many disorders, including degenerative diseases, cancer, and autoimmune disorders [58] .
In tumorigenesis, the overexpression of the prosurvival members of the Bcl-2 family has been found to be a common feature in many human cancers. [56] There is substantial evidence that the overexpression of Bcl-2 like proteins is critical in tumor development, maintenance, and resistance [61] .
As mentioned before, the Bcl-2 protein is overexpressed in human follicular center B-cell lymphoma as a result of the chromosome translocation. [56, 62] Bcl-2 has also been detected in significant levels in chronic lymphocytic leukemia (CLL) and mantle cell lymphoma. High levels of Bcl-2 expression were also detected, not only in hematological malignancies but also solid tumors in the brain, breasts, and lungs. [56, 63] The high levels of Bcl-2 expression have been noted in CLL and other cancers possibly due to the loss of negative regulation of microRNA (miRNA) [64] . Compared to Bcl-2, Bcl-xL levels are lower, but it has been proposed that they promote the survival of follicular and germinal center B cells. [65] These cells are undergoing Ig class switch recombination and hypermutation of the variable regions of the rearranged Ig genes [65] and are targets for impaired DNA double-strand break that could cause chromosomal translocation. [66] Bcl-xL, like Bcl-2, cannot cause cancer on its own, as demonstrated in mice, but additional mutations, such as overexpression of Myc, could lead to the development of plasmacytoma. [66] Bcl-xL has been linked to the development and therapeutic resistance of Bcr/ Abl+ chronic myelogenous leukemia. [67] Signal pathways, activated by the Bcr/Abl oncogenic tyrosine kinase and the STAT5 transcription factor, activator of Bcl-x transcription, plays an important role in cellular transformation [67] .
Mcl-1, identified as an early response gene, induces the differentiation of ML-1 human myeloblastic leukemia cells. [68] It has exhibited high levels in a range of hematological and solid malignancies, including cholangiocarcinomas, acute myeloid leukemia (AML) and multiple myeloma. [56] Forced expression of Mcl-1 inhibits Myc-induced apoptosis and synergizes with an Eμ-myc transgene in lymphomagenesis. [69] According to a study of 151 clinical isolates of non-Hodgkin's B lymphoma, high levels of Mcl-1 expression correlated with increasing severity in follicular lymphoma. [70] The BH3 mimetic ABT-737 that binds and inhibits Bcl-2, Bcl-xL, and Bcl-w, but not Mcl-1 was unable to stop the proliferation of B-cell lymphomas expressing high levels of Mcl-1. [71] Recent research has found that somatic cells that possess an increasing amount of Mcl-1 have been found in lung and breast cancers, concluding that Mcl-1 is critical for sustained survival and growth of these malignant cells. [72] These results signify that Mcl-1 is crucial to many malignant cell types, is essential for sustained survival, and seems to impose an obstacle in effective anticancer therapy [56] .
Bfl-1 is also expressed in a range of hematopoietic cell types. Bfl-1 is expressed in B and T lymphocytes, neutrophils, mast cells, macrophages and dendritic cells. [73] In many of these cells, Bfl-1 expression is induced by the activation of antigen or cytokine receptors, but Bfl-1 levels also rapidly decline due to its rapid turnover. [74] A target for anticancer therapies, Bfl-1 overexpression is a signature point in certain B lymphoid malignancies. [75] A1, the murine homolog of human Bfl-1, has been implicated in the development of Bcr/Abl+ chronic myeloid leukemia (CML), like Bcl-xL [56] .
To date, high levels of Bcl-w have not been linked to hematological malignancies; however; Bcl-2 overexpression has been reported to promote survival and influence the migratory and invasive potential of gastric cancer cells. [76] The study reports the Bcl-w expression, not Bcl-2 expression, correlated with the increasing levels of matrix metalloproteinase-2, an enzyme that affects the destruction of the basement membrane to facilitate metastasis. [56] Additionally, high levels of Bcl-w have been reported in advanced staged cancers rather than local tumors. [77] Based on the data collected, it is possible to conclude the role of Bcl-w relates to the spread of the malignant cells, rather than the formation.
Only a small portion of the cancers contain the chromosomal translocation that indicated the massive overexpression of antiapoptotic Bcl-2 family members. [56] Knowing what Bcl-2 proteins are critical in which type of tumor will provide clues for the development of cancer therapies.
BH3-only proteins, a pro-apoptotic subgroup of the Bcl-2 family that is essential for apoptosis signaling, trigger apoptosis by binding via their BH3 region to a groove on the surface of the anti-apoptotic proteins. [11] (Figure 3 ) Studies have shown that different apoptotic stimuli require different BH3-only proteins for cell death. [60] PUMA is essential for p53-induced apoptosis prompted by DNA damage, anoxia or Myc overexpression. [80, 81] Bim is critical for growth factor deprivation, deregulated calcium flux-induced killing, and ER stress in different cell types. [82] The combined loss of BIM and PUMA causes cell types to become more resistant to cytokine deprivation and other apoptotic stimuli, rather than the loss of either BH3-only protein alone. [81, 84] BH3-only proteins act as an essential barrier against the development of malignant diseases, serving as molecular sentinels that kill abnormal cells that have potentially neoplastic lesions. [60] According to research, the loss of BIM [86] and PUMA [87] , two key initiators of cytokine-induced apoptosis, inhibits the death of Myc-overexpressing B cells and accelerates Eμ-myc-induced lymphomagenesis. [88] The loss of BIM alleles has been found in 20% of human mantle B cell lymphoma. [89] About 40% of Burkitt lymphomas express extremely low levels of PUMA [87] , potentially due to epigenetic silencing. [87] Also, the loss of a PUMA allele was found in a range of different human cancers [72] , allowing us to conclude that the pro-apoptotic BH3-only members of the Bcl-2 family function as tumor suppressors.
Ongoing Research
The high rate of apoptosis in basal cell carcinomas of the skin demonstrate that these are slow growing tumors, in spite of their high mitotic rate. [52] Current research is exploring the range of BH3 mimetics, drugs that mimic BH3 only proteins by binding to anti-apoptotic to block their function. [54] Clinical trials of venetoclax are underway for diverse cancers, and preclinical studies signal the potential of emerging BH3 mimetics that target other BCL-2 relatives, particularly MCL-1. Therefore, this new class of anticancer drugs may well find broad applications [54] .
The ability to trigger cell apoptosis in tumors is responsible for the therapeutic effects of chemotherapeutic drugs novel cancer drugs, and radiation. The function of BIM, responsible for the killing of tumor cells by inhibitors of oncogenic kinases, such as the responses from CML to BCR-ABL inhibitor Gleevec, can be mimicked by ABT-737. [59] A closely related member of ABT-737, the ABT-263, which is designed to target the hydrophobic groove of Bcl-xL, can also bind to Bcl-2 and Bcl-w with very high affinity. [78] ABT-737, a BH3 mimetic, requires the activation of Bax/ Bak for cell killing, activating them indirectly by neutralizing the anti-apoptotic proteins, such as Bcl-2, Bcl-xL and Bcl-w. [71] Although the mimetic ABT-737 can bind and induce apoptosis, it is not effective at killing tumor cells that express high levels of Mcl-1, but it can effectively induce death in tumors when combined with other developing anticancer therapies [71, 59] .
A problem with the BH3-only mimetics is that they also affect non-transformed cells. The two mimetics, ABT-737 and ABT-263, could also cause thrombocytopenia because the survival of platelets also relies on Bcl-xL. [61] This problem can be circumvented using ABT-199, or venetoclax, a Bh3-mimetic that inhibits only the Bcl-2 gene. ABT-199 shows great promise in future treatments for CLL [83] .
The anti-apoptotic proteins Mcl-1 and Bcl-2 have been shown to be essential in T cell development and in homeostasis. However, the precise mechanisms of how these proteins function in T cells and other cells are unclear. [43] In developing T cells, Mcl-1 has a unique role in supporting T cell development. It has been discovered that the developmental defects that arise from the deletion of Mcl-1 can be partially rescued by the deficiency Bak gene [79] .
Further research has shown two opposing but not exclusive models for the system of the anti-apoptotic proteins, Bcl-2, Bcl-xL, and Mcl-1. The direct-activation model indicates the anti-apoptotic proteins inhibit the BH3-only activator proteins. By this model, certain Bh3-only molecules activate Bak and Bax directly and bind to the anti-apoptotic proteins to these Bh3-only activators which inhibit the apoptotic pathways.However, under the Bak/Bax sequestration model, the anti-apoptotic proteins bind to Bak and Bax directly to prevent their oligomerization or activation. [12] Based on this [38] alternate model, Bh3-only proteins function to affect the ability of anti-apoptotic proteins to bind Bak/Bax and the distinction between the sensitizers and activators lie in the different abilities of the Bh3-only proteins that bind to anti-apoptotic proteins [85, 34] .
Conclusion
The Bcl-2 family of proteins is essential in the regulation of apoptosis. The delicate balance of pro-apoptotic and anti-apoptotic factors within the cell determines the fate of the cell. The overexpression of the prosurvival members of the Bcl-2 family inhibits cell death, leading to the prolonged survival of the cell. Combined with other oncogenic mutations, the cell could become malignant and attack neighboring cells. Tumors are formed through translocation of the Bcl-2 family and additional mutations, such as the myc gene.
The Bcl proteins are involved in the intrinsic apoptotic pathway, which is significant in the development of the immune system. The deletion of any gene of the Bcl-2 family can result in the abnormal development of lymphocytes. The balance of pro-apoptotic versus anti-apoptotic proteins, which operate at the organelle level, determines if the lymphocyte lives or dies. The Bcl-2 family of proteins could also induce the premature proliferation of the lymphocytes, which could often contain mutations. The premature proliferation of lymphocytes is the result of the unsettling balance of antiapoptotic and proapoptotic proteins.
